The phosphate transport protein was purified from rat liver mitochondria by extraction in an 8% (v/v) Triton X-100 buffer followed by adsorption chromatography on hydroxyapatite and Celite. SDS/polyacrylamide-gel electrophoresis (10%, w/v) 
INTRODUCTION
In common with ADP, inorganic phosphate must be transported continuously across the mitochondrial inner membrane to maintain the supply of substrates for aerobic production of ATP in the matrix compartment. Although thenature ofthe adenine nucleotide translocase, which catalyses a transmembrane ADP/ATP exchange activity, has been well established for several years (Klingenberg & Rottenberg, 1977) owing to its unique sensitivity to carboxyatractyloside, the mitochondrial phosphate transporter has not yet been characterized in the same detail.
Specific uptake of this anion into the mitochondrial matrix can occur via two distinct carrier systems: an electroneutral phosphate/dicarboxylic acid exchange carrier and a phosphate/hydroxyl ion transport protein which catalyses the influx ofabout 90%. ofmitochondrial phosphate. These two transport systems are particularly important because: (i) they, supply the inorganic phosphate which is essential for maintaining the steady-state oxidative phosphorylation of ADP in the organelle, (ii) the latter carrier is directly linked to the pH gradient generated by the electron transport chain across the inner mitochondrial membrane, and (iii) their combined operation allows flux of dicarboxylic and tricarboxylic acids via the phosphate/dicarboxylic and dicarboxylic/tricarboxylic exchange carriers. The central importance of the phosphate/hydroxyl ion antiporter has prompted several groups to attempt to identify, isolate and study the properties of the major phosphate carrier protein(s).
Initially, the two phosphate transport systems were distinguished by their differential sensitivity to thiol group reagents. The phosphate/hydroxyl ion exchanger can be inhibited by low concentrations of N-ethylmaleimide (NEM), mersalyl and p-mercuribenzoate (Fonyo & Bessman, 1968; Tyler, 1969; Coty & Pedersen, 1974a) . Although the phosphate/dicarboxylate carrier can also be blocked by mersalyl and p-mercuribenzoate, it is insensitive to N-ethylmaleimide (Meyer & Tager, 1969; Meijer et al., 1970; Quagliariello & Palmieri, 1972; Coty & Pedersen, 1975 45000-M, component could be detected in beef heart submitochondrial particles. Kolbe et al. (1981) purified a similar integral membrane polypeptide from pig heart (subunit Mr 34000) which, on reconstitution into liposomes, catalysed the specific N-ethylmaleimide-sensitive uptake of 32P1 into the intraliposomal space. A similar purification procedure has been adopted for the isolation-of the transporter from ox heart (Wohlrab, 1980 carrier protein has been purified to homogeneity, since the preparations with 32Pi exchange activity from ox heart contain two to five bands of very similar Mr value. These individual bands appear to be closely related (Kolbe et al., 1982) indicating that they may arise during isolation by proteolytic cleavage of a common parent polypeptide. More recently, Kolbe et al. (1984) attempted to characterize the phosphate/hydroxyl antiporter in more detail by purifying the protein from the same source on a large scale. Silver-staining of the SDS/polyacrylamide gel used to resolve the purified protein revealed the presence of two protein bands, designated a and /8 in the ratio of 1:1. The putative a and fi subunits of the phosphate transport protein migrated with similar mobilities (approx. Mr 34000) and also exhibited identical peptide maps when fragnented with either CNBr or HCl/dimethyl sulphoxide/HBr. Thus the two subunits have very similar, if not identical, primary structures. In recent months, Kolbe & Wohlrab (1985) have reported the sequence of a formic acid fragment of the beef heart phosphate transporter which is apparently derived from the N-terminus and also contains the reactive N-ethylmaleimide-modified cysteine at position 42. As carboxymethylation of the protein also yields a single band on SDS/polyacrylamide gels, the apparent subunit heterogeneity may be artifactual, caused by transient intrachain disulphide bond formation between reactive cysteines during electrophoresis in the oxidizing conditions of the running gel.
A previous attempt to isolate the phosphate transport protein from intact rat liver mitochondria (Wehrle & Pedersen, 1983) , resulted in the purification of three major polypeptides with markedly different subunit Mr values (68000, 35000 and 30000 respectively). In the present paper, we report an improved scheme for the pur-ification of the phosphate/hydroxyl ion-antiporter from rat liver and compare its properties with those of the pig heart and ox heart enzymes.
MATERIALS AND METHODS

Materials
Female rats of the Wistar strain were bred in the departmental animal house. New Zealand White rabbits (4 months old) were purchased from MRC-accredited sources. Na125I (100 mCi/ml) was purchased from Amersham International and N-[2-3H]ethylmaleimide (50 Ci/mmol) was supplied by New England Nuclear. Du Pont Cronex intensifying screens (18 cm x 24 cm) were supplied by MAS, Springkerse Industrial Estate, Stirling, U.K. Kodak X-Omat S was obtained from Kodak.
Hydroxyapatite (Bio-Gel HTP) was purchased from Bio-Rad Laboratories, Celite type 535 was supplied by Uniscience, Procion Red A was obtained from Amicon, and Sephadex G-50 was purchased from Pharmacia.
Triton X-100, polyoxyethylene sorbitol monolaurate (Tween 20) and concanavalin A were all supplied by Sigma. Iodogen was purchased from Pierce. Isolation of rat liver mitochondria and mitoplasts Mitochondria were prepared from female rats of the Wistar strain (180-200 g ) by the method of Chance & Hagihara (1963) and stored at -20°C until use on most occasions.
To prepare mitoplasts (mitochondria minus outer membrane), freshly purified mitochondria were resuspended in 10 mM-Tris/phosphate buffer, pH 7.5 (swelling medium), at a protein concentration of 10 mg/ml before incubation on ice for 5 min. At this stage mitochondria were subjected to hyperosmotic treatment by the addition of a solution containing 1.8 M-sucrose, 2 mM-ATP and 2 mM-MgSO4. After a further 2 min incubation on ice, mitoplasts were pelleted by centrifugation at 6500 g for 10 min. The mitoplasts were resuspended in isolation medium (Chance & Hagihara, 1963) and washed twice in the same buffer. Purification of the phosphate/hydroxyl ion antiport protein
In general terms, a modification of the method of Kolbe et al. (1981) was utilized to purify the phosphate transport protein from rat liver mitochondria. This modification involved the pre-extraction ofmitochondria with a low Triton X-100 buffer (20 mM-LiCl, 0.1 mm-EDTA, 0.5 mM-dithiothreitol, 0.5% Triton X-100 and 20 mM-H3PO4 adjusted to pH 7.0 with LiOH). The phosphate carrier protein was then selectively extracted in the above buffer supplemented with 8% (v/v) Triton X-100 and subjected to adsorption chromatography on hydroxyapatite followed by a similar treatment with Celite.
An alternative procedure was developed which also allows purification of both the phosphate transport protein and the adenine nucleotide translocase. Freshlyprepared mitochondria were resuspended in 20 mM-Mops buffer, pH 6.8, containing 0.25 M-sucrose, 0.5 mM-EDTA, 2.5 mM-MgCl2 and incubated with 40 /LMcarboxyatractyloside for 10 min on ice to stabilize the adenine nucleotide translocase. Mitochondria were pelleted by centrifugation at 8000 g for 10 min before pre-extracting with 20 mm-Mops buffer, pH 7.2, containing 0.4 M-NaCl and 0.5% Triton X-100 by incubating for 10 min on ice. After centrifugation for 1 h at 105000 g, the resulting pellet was solubilized by incubation for 10 min at 4°C in 10 mM-Mops buffer, pH 7.2, containing 0.5 M-NaCl and 4 % (v/v) Triton X-100. Residual insoluble material was removed by centrifugation at 105000 g for 1 h. The supernatant fraction was subjected to chromatography on a hydroxyapatite (1.75 cm x 25 cm) column which had been pre-equilibrated in 10 mM-Mops, pH 7.2, containing 0.5% Triton X-100 and 0.1 M-NaCl. The non-absorbed fraction from this column was collected, then dialysed against 20 M-Tris/HCl, pH 7.2, containing 0.5% Triton X-100, before applying to a Procion Red A column (8 cm x 1 cm) equilibrated in the same buffer. Differential elution of the two proteins from this column was utilized to separate them; the phosphate/ hydroxyl ion antiporter was eluted with 0.25 M-NaCl whereas the adenine nucleotide translocase required 3 M-NaCl for complete elution. Both eluates were stored at -20°C until required. Measurement ofphosphate transport by passive iso-osmotic swelling
The transport of phosphate into mitochondria or mitoplasts was monitored as described by Coty & Pedersen (1975) (v/v) . Thereafter, the protein was precipitated by the addition of acetone, as described above, and the pellet solubilized in Laemmli sample buffer (see later section). To determine the extent of incorporation of the label, a 5,l aliquot of the above sample was counted in scintillation fluid [toluene/Triton X-100 (13:7, v/v) containing 0.023 M-2,5-diphenyloxazole] on a Beckman LS 6800 liquid-scintillation counter. Radiolabelled proteins were separated on an SDS/polyacrylamide gel (see appropriate section for further details) and subsequently detected by fluorography (Bonner & Laskey, 1974) . Additional protein fractions from the purification procedure were labelled in. an analogous manner. Intact rat liver mitochondria were resupended in isolation medium (Chance & Hagihara, 1963) prior to labelling, as described above. SDS/polyacrylamide-gel electrophoresis Proteins were resolved electrophoretically on polyacrylamide slab gels, with the discontinuous buffer system of Laemmli (1970) , in the presence of 0.1 % SDS. SDS/polyacrylamide gradient gels (14-20%, w/v) were prepared in an analogous manner to those decribed by Kolbe et al. (1981) . Gels were stained directly for protein by immersing in 0.04% Coomassie Brilliant Blue R250 for 8-12 h and destained in 10% (v/v) acetic acid. Samples of proteins were prepared for electrophoresis by boiling for 5 min in Laemmli sample buffer [62.5 mM-Tris/HCl, pH 6.8, containing 2% (w/v) SDS, 10% (w/v) sucrose, 5% (v/v) 2-mercaptoethanol and 0.001 % Pyronin Y, as a tracker dye]. Apparent Mr values were calculated with reference to the mobility of the following proteins which were resolved in each electrophoretic run: phosphorylase b, 92000; bovine serum albumin, 68000; ovalbumin, 45000; carbonic anhydrase, 30000; soyabean trypsin inhibitor, 21000; a-lactalbumin, 14400. lodination of concanavalin A Tyrosine residues of concanavalin A were modified with Na'251 by incubation as follows. Concanavalin A (2 mg, dissolved in 20 mM-Tris/HCl buffer, pH 8.0, containing 0.2 M-methyl a-glucoside) was added to a glass vial, the surface of which had been coated with 200,ug of Iodogen. Incorporation of the isotope was initiated by the addition of 300,Ci of Na125I (carrier-free) and the reaction allowed to proceed for 30 min at room temperature. After terminating the reaction by dilution with 20 mM-Tris/HCl, pH 8.0, the incubation mixture was transferred to another vessel and non-radioactive Nal was added to give a final concentration of 25 mm. This solution was dialysed against 20 mM-Tris/HCl, pH 8.0, before application to a column (8.5 cm x 1.5 cm) of Sephadex G-50 equilibrated with dialysis buffer. 1251I-labelled concanavalin A was eluted from the column by washing with 20 mM-Tris/HCl, pH 8.0, containing 0.2 M-methyl a-glucoside. Finally, the eluted lectin was dialysed against 20 mM-Tris/HCl, pH 8.0, in the presence of 1 mM-CaCl2 and 1 mM-MnCl2 and stored at -20 'C. Lectin overlay analysis of the phosphate transport protein After SDS/polyacrylamide-gel electrophoresis, the resolved proteins were fixed by incubating the gel overnight in 10% (v/v) acetic acid and 25% (v/v) propan-2-ol. Before incubation with the 1251-labelled lectin, the gel was washed thoroughly by rinsing several times in overlay buffer containing 20 mM-Tris/HCl, pH 8.0, 0.12 M-KCI, 1 mM-CaCl2, 1 mM-MnCl2, 1% (v/v) Tween 20, 0.1 % haemoglobin and 0.05% NaN3. Incubation of the gel with radiolabelled concanavalin A was initiated by the addition of the 125I-labelled lectin to the gel soaked in the same buffer (approx. 107 c.p.m.). After 1-2 days of incubation at room temperature this solution was removed before washing the gel for 3-5 days in overlay buffer, to reduce the background level of radioactivity. Autoradiography was performed after drying the polyacrylamide slab gels on Whatman 3MM filter paper by using a Flexi-Dry freeze-drier (FTS Systems Inc., Stone. Bridge, NY, U.S.A.). Detection of radiolabelled proteins was carried out at -80 'C employing intensifying screens to enhance the sensitivity of the procedure. Amino acid analysis
To estimate the cysteine and methionine content of the phosphate/hydroxyl ion antiport protein, these residues were oxidized to cysteic acid and methionine sulphone with performic acid (Hirs, 1967) . Amino acid composition was subsequently determined after acid hydrolysis at 110+1 'C for 24, 48 and 72 h respectively, on an LKB 4400 amino acid analyser. Preparation of antisera Phosphate/hydroxyl ion antiport protein purified from rat liver mitochondria was used as the antigen in these studies. Purity was estimated to be greater than 95% by densitometric scanning of a Coomassie Bluestained polyacrylamide gel. Phosphate transport protein (1 mg) resuspended in 0.9% (w/v) NaCl was mixed thoroughly with an equal volume of Freund's complete adjuvant prior to subcutaneous injection at multiple sites on the neck, back and thighs of the rabbit. This treatment was repeated at 2-3 week intervals in the presence of Freund's incomplete adjuvant. Antiserum was collected by bleeding the rabbit from a marginal ear vein, 10-14 days after the fourth injection of antigen. After allowing to clot overnight at 4 'C, the antiserum was removed with a pasteur pipette, dispensed into 1 ml aliquots and stored at -20 'C.
Protein estimations
The amount of protein in a sample was measured either by the method of Lowry et al. (1951) incorporating the modification of Markwell et al. (1978) or by the biuret method (Gornall et al., 1949) . Calibration curves were constructed from a standard stock solution of bovine serum albumin (10 mg/ml). (v/v) Triton X-100, 20 mM-LiCl, 0.1 mM-EDTA, 0.5 mMdithiothreitol and 20 mM-H3PO4 adjusted to pH 7.0 with LiOH. Rapid isolation of the carrier involves selective removal of the majority of proteins by batch adsorption on hydroxyapatite while the few remaining contaminants can be bound to Celite in a similar batch adsorption step. Thus, the phosphate transporter is the only polypeptide which does not interact with hydroxyapatite or Celite under the appropriate conditions. Fig. l(a) (Wohlrab, 1980; Kolbe et al., 1981) .
Our previous interest in the presence of glycoproteins in mitochondrial membranes (D'Souza-& Lindsay, 1981) , prompted us to check whether the phosphate transporter was a glycoprotein by overlaying the above gel with 1251-labelled concanavalin A, a plant lectin of broad specificity with an affinity for oligosaccharide chains containing D-glucose or D-mannose residues and derivatives. Fig. 1(b) is an autoradiograph of Fig. 1(a Effective removal of contaminating carbohydratecontaining material can be achieved by initial extraction of rat liver mitochondria in 0.500 Triton X-100. This simple additional step releases 80-85% of total mitochondrial protein, including concanavalin A-reactive glycoproteins, while hydrophobic integral membrane proteins are retained in the insoluble pellet. Thereafter, the purification can proceed exactly as described previously. Analysis of the purity of the phosphate carrier and the degree of contamination by glycoprotein is revealed in Figs. 2(a) and 2(b) in which it is apparent that glycoproteins are now absent from the final preparations, following their effective removal by pre-extraction in 0.5% Triton X-100. In both regimes, the yield of phosphate transporter is 0.3-0.50% of total mitochondrial protein.
The apparent homogeneity of our preparation of rat liver phosphate transporter is in marked contrast to the recent findings of Kolbe et al. (1982) . This group have reported that phosphate carrier preparations, purified from bovine and pig heart mitochondria, contain four or five Coomassie Blue-staining bands of similar Mr value (Kolbe et al., 1982) , when resolved on 14-20% (w/v) SDS/polyacrylamide gradient gels. In our hands, however, only a single polypeptide of Mr 34000 is observed when either the Celite-purified rat liver or beef heart carriers are subjected to an identical SDS gradient gel analysis (Fig. 3) . Confirmation as to the purity of the rat liver mitochondrial protein, separated on the above gel system, was provided by densitometric scanning of the gel with an LKB Ultroscan 2202 laser densitometer. The purity of the Coomassie Blue-stained protein of Mr 34000 was estimated to be about 95%. A preliminary report of this data has appeared previously (Gibb et al., 1983) .
It should be noted, however, that there is a major difference between the protein product(s) at the hydroxyapatite stage in the two preparations. One the beef heart preparation. Wohlrab (1980) has identified the 31 000Mr polypeptide as the adenine nucleotide translocase, which exhibits similar elution characteristics on hydroxyapatite. There are three possible ways to remove this 31 000-Mr protein, involving either Celite chromatography (Kolbe et al., 1981) , mersalyl-Ultrogel chromatography (Touraille et al., 1981) or Triton X-114 extraction of mitochondria (Kolbe et al., 1982) . As depicted in Fig. 3 track 6 , this was shown to be correct when the beef heart hydroxyapatite eluate was subjected to adsorption chromatography on Celite. After purification of this polypeptide, our next aim was to confirm that the protein from rat liver mitochondria exhibited additional known characterisitcs of the phosphate transport system. It has been well-documented (Fonyo & Bessman, 1968 , Tyler, 1969 Coty & Pedersen, 1974a) , that this transport system is inhibited by low levels (uM) of the thiol group reagent N-ethylmaleimide. It is also generally accepted that N-ethylmaleimide reacts specifically with an essential thiol group of the phosphate transport system rather than non-specifically altering membrane permeability. This property can be demonstrated simply by measuring the transport of phosphate into isolated mitochondria, utilizing the fact that mitochondria swell passively in solutions of iso-osmotic phosphate buffer (Chappell & Crofts, 1966) . Additionally, incorporation of N-[2-3H]-ethylmaleimide into mitochondrial inner membrane proteins at concentrations known to inhibit phosphate transport into isolated mitochondria was the criterion used to achieve such an identification (Coty & Pedersen, 1975 , Wohlrab, 1978 , 1979 . Preliminary identification of the protein isolated from rat liver mitochondria in this study was provided by the experiment depicted in Fig. 4(a) . It is apparent that, when intact rat liver mitochondria or the 8% (v/v) Triton X-100 extract are labelled with N-[2-3H]ethylmaleimide, several polypeptides can be visualized after fluorography of the resolving SDS/polyacrylamide gel (12.5%, w/v) (Fig. 4a,  lanes 1 and 2) . This result is in agreement with the earlier findings of several groups, including Coty & Pedersen (1975) , who showed that at least ten polypeptide components of the rat liver mitochondrial inner membrane could be labelled in an analogous manner. After subsequent hydroxyapatite and Celite chromatography (lanes 3 and 4), a single 3H-labelled polypeptide is observed with subunit Mr 34000. This is in marked contrast with the results of Wohlrab (1980) and Kolbe et al. (1981) who purified the transport protein from beef heart and pig heart mitochondria, respectively. They discovered that, not only could the 34000-Mr transporter be modified with N-[2-3H]ethylmaleimide after adsorption chromatography on hydroxyapatite, but that the contaminating adenine nucleotide translocase (Mr 30000) also co-labelled with this isotope. The presence of a single N-ethylmaleimide-sensitive 34000-Mr polypeptide at both hydroxyapatite and Celite stages is consistent with our earlier analyses on Coomassie Blue-stained gels (Figs. la and 2a) .
The above data were supplemented in an experiment where intact rat liver mitochondria were incubated initially with N-[2-3H]ethylmaleimide before purification of the phosphate transport protein as described in the Materials and methods section. This experiment was performed (a) to rule out the possibility that N-ethylmaleimide modification of the purified 34000-Mr polypeptide was the result of a conformational change during its isolation, (b) to demonstrate that this (Fig. 4a) was achieved in that only a protein of Mr 34000 could be detected on fluorography after hydroxyapatite and Celite chromatography, respectively (Fig. 4b) .
Recent studies testing the function of the purified 34000-Mr polypeptide have concentrated on reconstitution experiments. After incorporation of the isolated protein into liposomes the rate of phosphate-phosphate 24 (9-10) exchange was measured by 32Pi efflux or uptake. Wohlrab (1980) and Kolbe et al. (1981) both demonstrated that the reconstituted system, prepared from the purified beef heart and pig heart mitochondrial proteins respectively, catalysed phosphate-phosphate exchange. However, poor exchange rates were obtained in comparison to those reported for isolated mitochondria (Coty & Pedersen, 1974b) . Kolbe et al. (1982) have demonstrated subsequently that, if the phospholipid cardiolipin is included in the purification procedure, the rate of exchange of phosphate in reconstituted systems can be enhanced by up to 30-fold. Further confirmation as to the identity of the protein isolated from rat liver mitochondria was provided by a separate approach in this study: phosphate transport into intact mitochondria and mitochondrial inner membrane vesicles (mitoplasts) was monitored in the presence of a rabbit polyclonal antiserum directed against the 34000-Mr polypeptide. Mitochondria or mitoplasts were preincubated for 1 h at 4°C before monitoring phosphate transport, as described in the Materials and methods section. Fig. 5(a) demonstrates that the antiserum directed against the putative phosphate transport protein inhibits partially the uptake of phosphate into mitoplasts (by approx. 50%), whereas control serum has no such effect on swelling. Specific N-ethylmaleimide-induced inhibition of phosphate uptake was observed in both mitochondria and mitoplasts. In addition, the specificity of the anti-(phosphate transport protein) serum was checked by testing that it did not affect the uptake of HCO3-, CH3COO-or C1-Vol. 238 549 ions into mitochondria. Partial inhibition of phosphate uptake into mitoplasts may be attributable to the fact that the substrate for the transport protein is a small molecule which may still have access to its binding site even in the presence of antiserum. Additionally, the following factors may contribute to the incomplete inhibition of mitoplast swelling induced by this antiserum.
(i) Since the antiserum raised against the purified protein is polyclonal in nature, many of the resulting antibody molecules may be recognizing antigenic determinants of the protein which do not constitute the phosphate-binding site and thus do not interfere with phosphate binding and mitoplast swelling. Partial inhibition of enzymic activity is commonly observed with antisera raised against soluble antigens.
(ii) A significant fraction of mitoplasts with their outer membrane only partially removed or even intact mitochondria may be present in these preparations. This has been verified by assessing the latency of cytochrome c oxidase activity with exogenous cytochrome c as substrate, since an intact outer membrane prevents access of the substrate to its binding site on the inner membrane (D'Souza & Lindsay, 1981) .
Thus, cytochrome c oxidase in isolated mitochondria is stimulated 10-12-fold on treatment with 0.3 % sodium cholate while in mitoplasts only a 25-50% enhancement is obtained on detergent solubilization, indicating that mitoplast preparations may contain up to 20-30% intact mitochondria. This would imply that the anti-(phosphate transport protein) serum is more strongly inhibitory than indicated in Fig. 5(a) . Although more complete removal of outer membrane could be achieved by digitonin, it was found that such mitoplasts swelled non-specifically in iso-osmotic NH4Cl and also in (NH4)2HP04 in a manner which was not inhibited by N-ethylmaleimide.
As an additional control, phosphate uptake was monitored into intact rat liver mitochondria which had been preincubated with either the antiserum directed against the polypeptide of Mr 34000 or control serum. In this case (Fig. Sb) , no inhibition of swelling was observed, since with intact mitochondria immunoglobulin molecules are unable to penetrate the outer membrane, preventing interaction with antigenic sites on the transport protein deeply embedded in the inner membrane.
The findings of the N-[3H]ethylmaleimide modification studies and the effect of an antiserum directed against the 34000-Mr protein on mitoplast swelling in the presence of an (NH4)2HP04 solution strongly suggest that the polypeptide isolated in this study from rat liver mitochondria is the phosphate transport protein or a major component of the phosphate transport system. Finally, the amino acid composition of the purified rat liver mitochondrial phosphate transport protein was determined after pretreatment with performic acid (see the Materials and methods section). Table 1 summarizes the results from the amino acid analysis. A minimal Mr value of approx. 10 800 was calculated from the original amino acid composition data ofthe rat liver mitochondrial phosphate transport protein, which is in good agreement with an overall subunit Mr value of 34000. The rat liver phosphate/hydroxyl ion antiporter has a very similar composition to that of the beef heart protein (Kolbe et al., 1982) with the exception of its cysteine content. T-he rat liver mitochondrial phosphate transport protein contains at least twice as much cysteine as the beef heart protein. Interestingly, if a subunit Mr value of 34000 is assumed to be correct for the phosphate transporter, then this protein contains four methionine residues. However, treatment of the carrier with CNBr cleaves the protein into two major fragments with Mr values of 18000 and 15000, respectively (J. G. Lindsay & J. Watson, unpublished work), which may be indicative of the transporter containing three methionine residues situated near the N-or C-termini. An analogous situation occurs with the adenine nucleotide translocator, which has a sequence of three consecutive methionine residues near its-N-terminus (Aquila et al., 1982) .
Although this polypeptide is an integral membrane component which can only be extracted at high levels of Triton X-100, analysis of its amino acid composition suggests that it is not markedly hydrophobic in character. Only 27.33% of total amino acids are hydrophobic (Leu, Ile, Phe, Tyr, Met and Val) which is in the range reported for soluble proteins (Tanford, 1980) . A similar value of 29.14% can be calculated for the beef heart carrier while, in contrast, the adenine nucleotide translocase has a hydrophobic amino acid content of 35.35% . However, a more recent analysis ofthe beefheart phosphate transporter (Kolbe et al., 1984) suggests a much higher proportion of hydrophobic residues (38.20%) than indicated previously. It is possible that only a short segment of the phosphate protein is embedded in or spans the mitochondrial inner membrane, with extensive domain structures existing on the cytoplasmic and/or the matrix faces of the bilayer, consistent with its phosphate/hydroxyl exchange activity.
